Various hydropyrano [3.2-g] pteridines (7, 10, 12, 21 , 33) were oxidized to the corresponding 6-(1,2,3-trihydroxypropyl)pteridine derivatives (8, 9, 11, 13, 32, 34), which are valuable intermediates for the sy nthesis of new 6-substituted pteridines (15 -46) . Periodate oxidation led to pteridine-6-carboxaldehydes (15, 16, 17, 38), whic h easily formed oximes (19 -22, 39, 40). The aldehydes were further oxidized to 6-carboxylic acids (25,26,42) or reduced to 6-hydroxymethyl derivatives (27, 28, 43). Reductive condensations of the a ldeh ydes (15, 16, 38) with p-aminobenzoylglutamic acid afforded folic acid analogues (29, 30, 44). Dehydration of the oximes (19, 20, 39) resulted in the formation of 6-carbonitriles (23, 24, 41, 46). The newly synthesized compounds were characteri zed by elemental analysis and by UV and NMR spectra.
Introduction
A series of 6-substituted dihydroxy-and trih ydroxypropylrteridines have been found in nature as primary and secondary transformation products of 7,8-dih ydroneopterin-3 '-triphosphate ( 1) . the parent substance of the biochemical family tree of the pteridines (1, 2) . Biopterin (2) , first isolated from urine (3) and widely distributed in the animal kingdom (4, 5) . exhibits cofactor activity in the form of its tetrahydro derivative (6) in hydroxylation reactions. Neopterin (5) is biologically important as a marker of the activated immune system (8) . Members of thi s group also include bufochrome (4) (9) and monapterin (6) (10) . which have been identified as the L-erythro-and the L-threo stereoisomers of neopterin, as well as euglenapterin (3) (11) .
We have recently studied the Viscon tini reaction in more detail and found that the condensations of pentosephenylhydrazones with 5,6-diaminopyrimidines under acidic. non-oxidizing condi tions leads to hexahydropyrano(3.2-g)pteridines (12) , which can be regarded as the covalent ring closure products of the corresponding 5,6-dihydro-6-(1 ,2,3-trihydroxypropyl)pteridines via their terminal 3'-hydroxy group onto C (7). This paper describes oxidation reactions of these intermediates leading to new 6-substituted pteridines.
Results and Discussion
The 2,3,4,4a,5,1 0,1 Oa-hexahydropyrano[3.2-g]pteridines (7, 10, 12, 31, 33) (12) can be oxidized under mild conditions to the corresponding 6-(1,2,3-trihydroxypropyl)pteridines (8, 11, 13, 32, 34) . Conversion to the fully aromatic products with oxygen occurred most readily at alkaline pH. On a preparative scale p-benzoquinone was superior to oxygen with compounds such as 10 and 12 that were somewhat alkalilabile. Compounds 11 and 13 were obtained from 10 and 12 in about 80% yield by this method. The best conditions for the oxidation of 31 and 32 were found to be with sodium iodate at neutral pH , which gave 32 and 34 in high yield.
We have also been interested in the oxidation of the meth ylthio into the methylsulfonyl group by treatment with p-chloroperbenzoic acid in nonpolar solvents. Compounds 8. 12. and 34 were acylated by AccO pyridine to the triacetyl derivatives 9, 14, and 35. Addition of -l-dimethylaminopyridine (DMAP) to the reaction mixture cOl1yerted 3-' w the tetraacetate 36. Treatment of the acetylated pteridine de r i\atih:~ in CHCI, with m-chloroperbenzoic acid gene in ,Ill cases a complex mixture of substances frl~1l1 \\h k'h ,~" hydrolysis. Furthermore the pteridine-6-carboxaldehydes were oxidized to the corresponding 6-carboxylic acids (25. 26, 42) by potassium permanganate in basic medium. whereas sodium borohydride treatment effected reduction to the corresponding 6-hydroxymethylpteridine derivatives (27. 28. 43).
Physical Properties
The compositions and structural assignments of the various 6-substituted pteridines are based on elemental analyses, pK determinations. UV and IH-NMR spectra. The presence of a saturated side-chain at the 6-position had little effect on physical properties. as seen from a comparison of the pKa values and UV spectra of the various molecular species ( N -3 . whereas the ionization of the carbo xa ld oxime functionality takes place at a lk a line pH . Bo th ionization steps are thereby associated by a substantial red shift of the lon g wavelength absorption band . Analogous considerati ons clarify the relationships between the oximes 39 and 40. and between 6-carboxylic acids 25 and 26. A more complicated case is presented by the 4-amino-2-methylthiopteridine-6-carboxylic acid (42). whose single observed pK" of 2.1 is consistent with two independent equilibria involving bo th protonation to the cation and deproto nation to the monoanio n. Since these ionizations occur simultaneous ly and cannot be separated spectroscopically (16) . it is not possible to obtain an UV spectrum of the neutral form of this molecule.
The 'H-NMR spectra reveal the expected pattern of signals with electron-attracting substituents in the 6-position influencing the chemical shift of the H-C (7) to a sma ll extent. Functional groups on the pyrimidine moiety do not a ppear to have this effect. It is assumed that the 6-carboxaldoximes prefer to exist mainly in the sterically less hindered E-configurati on. since the Z-i so mer can be detected in only very sma ll amounts (E:Z ratio = 15 : 1).
Ta hl e 2. ' II-NMR d a ta of pteridine derivatives in D(,-DMSO or CDC I, * (0 in ppm agai nst TMS) 
To a buffer solution of 109 of NaHCO, and 20 g of Na 2CO J in 300 ml of H 2 0 were added 5 g (17.5 mmol) of 3,4-dihydroxy-3,4,4a,5,6, 7
, and oxygen bubbled through this suspension for 24 h in the dark . A yellowish solution was obtained , which was neutralized with Amberlite JR 120 (weakly acidic) ion-exchange resin and filtered. The solution was heated , treated with charcoal, filtered and the filtrate evaporated to dryness. The residue was dissolved in 50 ml of MeOH and then diluted with 300 ml of acetone to form a yellowish precipitate (3.47 g; 70%). Further purification was achieved by recrystallization from SO ml of H 2 0 to obtain a yellowish microcrystalline powder, m . p . 155 ~ 158 r.c. Lit. (17) m . p . 156~15S " C.
6-( L-eryTilro-l ,2.3-Triacefoxlpropyl )-2-methy lfhiopteridin-4 ( 3 H ) -one (9)
To a mixture of 50 ml of Ac}O and 50 ml of pyridine were added 2 g (7 mmol) of 8 and 50 mg of 4-dimethylaminopyridine (DMAP), and the mixture was stirred for 1 h at room temp. The solution was evaporated in vacuo, treated with 50 ml of MeOH for 1 h and again concentrated to a syrup. The residue was dissolved in 150 ml of CHCll and wasched twice with 100 ml of H 2 0 . The organic layer was dried over Na 2 S04, filtered , and evaporated to dryness. The residue was recrystallized from 50 ml MeOH to give 1.35 g (46%) of colorless microcrystalline powder, (11) To a suspension of 1.0 g (3 .33 mmol) of 10 in 150 ml of H 2 0 was added 0.5 g (4 .63 mmol) of p-benzoquinone, and the mixture was stirred at room temp. until a clear solution was formed . It was extracted four times with 50 ml CHCI.1, and the aqueous layer was evaporated to dryness. The residue was recrystallized from 190 ml of EtOH (charcoal) to obtain O.S I g (81 To a mixture of 50 ml of dry pyridine and 10 ml of Ac 2 0 was added 2.0 g (6 .7 mmol) of 13, and after 20 h at room temp. the solution was diluted with 10 ml of MeOH, stirred for 30 min, and evaporated. (17) To a suspension of 6.5 g (22 mmol) of 7 in 200 ml of cold H 2 0 (0 ~ 5 ' C) was added dropwise a solution of 16.1 g (75 mmo\) of Nal04 in 170 ml of H 2 0.
Stirring was continued for 2 h. The precipitate was collected, washed with H 2 0 and acetone, and recrystallized from 160 ml of H 2 0 to obtain 3.66 g (58%) of 17 in the form of colorless crystals, m . p. 256-257 C (decomp.). (16) To a suspension of 0.2 g (0.67 mmol) of 10 or 12 in 15 ml of H 2 0 was added dropwise with stirring a solution of 0.46 g (2.15 mmol) of NaI0 4 in 8 ml of H,O. Arter 2 h the brownish solution was extracted three times with 25 ml of CHCI], and the combined organic layers were treated with 20 ml of 1 % Na2S20 J solution and twice with 20 ml of a 2.5°/tl NaHC01 solution. The chloroform solution was dried over N a2S04 and evaporated to dryness , and the residue was recrystallized from toluene to obtain 0.12 g (76%) of colorless crystals, m. p . 195 -196 ·C. (19) In 100 ml of H 2 0 was dissolved 0.8 g (2.9 mmol) of 17 with heating to 70 Q C. A solution of 0.31 g (4.46 mmol) of hydroxylammonium chloride in 10 ml of H 2 0 was added and the mixture was stirred at room temp. for 1 h and cooled overnight in the refrigerator. The precipitate was collected, washed with H 2 0 , Ptcridines Vol. 2 / N o. 2 EtOH , and ether, and recrystallized from 320 ml of H 2 0 to obtain 0.45 g (66 % ) of yellowish crystal powder, m. p. 250C (decomp.). 
6-Formyl-3-mctlzyl-2-mcthvllhiopleridin-4 (3 H ) -onc
C)H x N 4 0 Z S (M,
6-( I-Ethoxy-I-hy droxymcthyl ) -3-methyl-2-methylthioptcridin-4 (3H J-one (18)
Recrystallization
2-M ethylthiopteridin-4 (3H )-one-6-carhoxaldoxime
C x H 7 N s 0 2 S (M,
3-M etlzyl-2-methylthiopreridin-4 ( 3 H) -one-6-carhoxaldoximc (20)
In a mixture of 25 ml of dioxane/H 2 0 (1 / 1) were dissolved 0.2 g (0.85 mmol) of 18 with heating. A solution of 0.07 g (1 mmol) of hydroxyl ammonium chloride and 0.09 g (1 mmol) of NaOAc in 6 ml of H 2 0 was then added . The reaction mixture was heated under reflux for 1.5 h and then cooled. The precipitation was collected and washed with H 2 0 and ethanol to obtain after drying 0.175 g (82%) of yellowi sh needles, m. p. 250-252C (decomp.).
C<)H<)N s 0 2 S (M , 251.3)
Calc.
C 43.02 H 3.61 N 27 .87 Found C 43.02 H 3.72 N 27 .88
2-M cthy lthiopteridin-4 ( 3 H ) -one-6-(O-methrl ) -('urhoxaldoximc (21)
In 25 ml of H 2 0 were dissolved 0. 
3-M ethyl-2-mcthylthiopreridin-4 ( 3 H )-one-6-( {}-methyl ) -carboxaldoxime (22)
In 70 ml of 50% aqueous EtOH was dissolved 0.5 g (2.1 mmol) of 16 by heating. A solution of 0.26 g (3.2 mmol) of O-methylhydrox ylammonium chloride and 0.26 g (3.2 mmol) of N aOAc in 25 ml of H 2 0 was then added and the mixture was heated to 80 "C for 45 min, cooled, and evaporated to one-half of the volume. It is extracted three times with 30 ml of CHCl 3 , and the organic layer was dried over Na2S04 and evaporated. (25) In 30 ml of H 2 0 was suspended 0.2 g (0.72 mmol) of 17, and enough 0.1 N NaOH was added to bring the pH to 11 . The solution was stirred and treated dropwise with aqueous 1 % KMn04 until the starting material had disappeared according to TLC. Excess KMn04 was destroyed with NaHSO" the Mn02 was filtered and the filtrate was acidified with HCl to pH O. The precipitate was collected , washed with H 2 0, and recrystallized from 50 ml of H 2 0 to obtain 0 .135 g (72 ' Yo ) of colorless powder. m. p . 255 -256C (decomp .).
2-Methylthiopreridin-4 ( 3H) -one-6-carhoxylic acid
C 8 H g N 4 0 ,S x H 2 0 (Me 256.3) Calc.
C37.47
H3.12 N21.86 Found C 37.55 H 3.08 N 22.00
3-Methyl-2-methylthiopreridin-4 ( 3H ) -one-6-carhoxylie acid (26)
In a mixture of 11 ml of 0.1 N NaOH and 5 ml of dioxane was dissolved 0.15 g (0.64 mmol) of 16. The solution was stirred and treated dropwise with 11 ml of aqueous 1 % KMn04' Excess of KMn04 was destroyed with NaHSO,. the Mn0 2 was filtered , and the filtrate was acidified with 5 N HCl to pH 1. The precipitate was collected and the filtrate concentrated to a smaller volume to obtain a second crop. Recrystalliza tion of the crude product from 20 ml of H 2 0 and 5 ml dioxane gave 0.105 g (66'Yo) of colorless needles, m. p. 241C (decomp.). (27) A suspension of 0.5 g (1.8 mmol) of 17 in 65 ml of H 2 0 was treated with 0.25 g (6.4 mmol) of NaBH4 with stirring for 1 h at room temp. The solution was acidified with AcOH and chilled overnight. The precipitate was collected and recrystallized from 20 ml o f H 2 0 to obtain 0.23 g (57 %) of yellowi sh needles. m . p. 250C (decomp.). 
6-HnlroxI'methy l-2-methy lthiopteridin-4 ( 3 H ) -one

6-Hydrox.l'111eth.\'1-3-methJ'I-2-metln'lthiopteridin-4 ( 3H ) -one (28)
In a mixture of 25 ml acetonitrile and 2 ml of 5 N AcOH were dissolved 0.2 g (0.85 mmol) of 16 and then NaBH4 added in small portions still the starting material could not be detected anymore in the chromatogram. It is evaporated to dryness and the residue gave on recrystallization from 15 ml of H 2 0 0.115 g (57%) of colorless crystals, m. p. 220-221 ' -C (decomp.).
C9 H ION40~S (M, 238.3)
C 45.37 H 4 .23 N 23.51 Found C45.33 H4 .38 N23.15
In 100 ml of glacial AcOH were stirred for 1.5 h at room temp. :
A mixture of 0.1 g (0.42 mmol) of 16 In I I of H 2 0 were suspended 8.3 g (25.8 mm o l) of 31 (12) and then with stirring a solution of 2.7 g (13 .6 mmol) of NaIO, in 100 ml of H 2 0 added slowly with stirring. After 1 h the so lutio n was extracted five times with each 150 ml of CHCI" then the aqueous layer ncutralized to pH 6, concentrated to 250 ml, whereby a precipitate was form ed . The mixture was healed to boiling to get a clear solution, which was treated with charcoal and was filtered to give on cooling 5.77 g (79%) of a yellowish crys tal powder, m. p. 244-245 C (decomp.).
[a]rj = -39 (c = 0 .88/0 .1 N HCI). (35) [n a mixture of 10 ml of dry pyridine and 2.5 ml of AC20 were stirred 0.15 g (0.53 mmol) of 34 for 24 h at room temp. With cooling 3 ml of MeOH were added and then the mixture stirred for another 30 min. It was evaporated to dryness, coevaporated with toluene and then the residue purified b y silica gel column chromatograph y (2.5 x 14 cm) with C H C I J / MeOH (50/ 1). The main fraction was evaporated to dryness, the rcsidue di ssolved in 2 ml of EtOAc a nd then n-hexane added still the solution became turbid . To a solution of 1.0 g (3 .5 mmol) of 34 in 80 ml of dry DMF was added slowly 1.75 g (8.6 mmol) o f Illchloroperbenzoic acid (85 %). The mixture was stirrcd for 3 h at room temp . and evaporated under high vacuum at 30 C. The residue was dissolved in 10 ml of EtOH , and the solution diluted with 100 ml of ether. The precipitate was collected and recrystallized from 120 ml of EtOH a nd 10 ml of H"O (charcoal) to obtain 0.75 g (67 % ) of yellowish powder. m. p. 201 -203 'C (decomp. 4-A mino-6~/orl11y l-2-lJ1e( hl'll h iopleridine (38) In 140 ml of H 2 0 was suspended 2.0 g (7 mmol) of 32 or 34, and to the mixture was added a solution of 3.5 g (15 .5 mmol) of Nal04 in 40 ml of H 2 0 . It was stirred for 30 min and then chilled to 4C The precipitate was collected, washed with H 2 0 and EtOH , and recrystallized from 200 ml of acetonitrile to obtain 0.84 g (54°/,,) of yellow needles, m. p. 241 -244 "C (decomp. In a solution of 50 ml of 50% aqueous dioxane was dissolved 0.4 g (1.81 mmol) of 38 by heating. A solution of 0.15 g (2.16 mmol) of hydroxylammonium chloride and 0.18 g (2.2 mmol) of NaOAc in 10 ml of H 2 0 was added and the mixture heated for 30 min to 70 ' C After cooling. the precipitate was collected and recrystallized from 130 1111 of DMF/H 2 0 (2 1) to obtain 0,34 g (80%) of yellow crystals. which decomposed at 250 C 
To a solution of 0.4 g (1.81 mmol) of 38 in 60 ml of 50% aqueous dioxane were added 0.26 g (3.2 mmol) of O-methyl-hydroxylammonium chloride and 0.26 g (3 .2 mmol) of NaOAc in 20 ml H 2 0 and then the mixture heated for 1 h to 80 C After cooling the precipitate was collected and gave on recrystallization from 100 ml of EtOH / H 2 0 (1 / 1) A suspension of 0.3 g (1 .35 mmol) of 38 in 20 ml of H 2 0 and 10 ml of dioxane was treated with 21111 of 1 N NaOH and 8 ml of a 1 % KMnO-l solution. It was stirred for 1 h at room temp .. the excess of KMnO-l was destroyed by addition of NaHSO:;. the Mn02 was liltered . and the filtrate was acidified to pH 2 -3. The solution was cooled overnight. and the precipitate was collected to obtain after drying 0. A suspension of 0.25 g (1 .13 mmol) of 38 in 25 ml of CH ,CN and 2.5 ml of AeOH was treated with small portions of solid NaBH~ until the starting material and disappeared according to TLC The reaction mixture was evaporated to dryness and the residue was recrystallized from 35 ml of H 2 0 to obtain 0.145 g (58 % ) of brownish needles. m . p. 237 -239 C (deeomp .). In 45 ml of glacial AcOH were stirred at room temp. 0.4 g (1 .8 mmol) of 38 and 0.96 g of p-aminobenzoyl-L-glutamie acid for 4 h. The reaction mixture was then treated with a solution of 0 .12 g (2 mmol) of dimethylaminoborane in 6 ml of AcOH and stirred for another 1.5 h. It was evaporated to dryness and the residue crystallized from a mixture of 60 ml of HcO and 20 ml of EtOH (charcoal) to obtain an orange precipitate. Another recrystallization from 80 1111 of CH,CN gave 0.5 g (58'1.» of a microcrystalline orange-yellow powder, which decomposed at 140 C. A solution of 0.2 g (0.85 mmol) of 39 in 12 ml of AC20 was heated under reflux for 24 h. It was evaporated to dryness, and the residue was purified by silica gel column chromatography (2.5 x 15 cm) with toluene/ EtOAc (1 / 1) as the eluent. The main fraction was again evaporated and the residue recrystallized from 50 ml EtOH to obtain 0.12 g (54%) of yellow needles, m. p. 222C (decomp. We thank Mrs . M . Bischler for the determination of pK" values and the measurements of UV spectra as well as the Fonds der Chemischen Industrie for a fellowship and further financial support.
